The movement control of articulated limbs in humans has been explained in terms of equilibrium points and moving equilibrium points or virtual trajectories. One hypothesis is that the nervous system controls multi-segment limbs by simply planning in terms of these equilibrium points and trajectories. The present paper describes a planar computer simulation of an articulated three-segment limb, controlled by pairs of muscles. The shape of the virtual trajectory is analyzed when the limb is required to make fast movements with endpoint movements along a straight line with bell-shaped velocity profiles. Apparently, the faster the movement, the more the virtual trajectory deviates from the real trajectory and becomes up to eight times longer. The complexity of the shape of the virtual trajectories and its length in these fast movements makes it unlikely that the nervous system plans using these trajectories. it seems simpler to set up the required bursts of muscle activation, coupled in the nervous system to the direction of m ovement, the s peed, and the place in workspace. Finally, it is argued that the two types of explanation do not contradict each other: when a relation is established in the nervous system between muscle activation and movements, equilibrium points and virtual trajectories are necessarily part of that relation.
INTRODUCTION
Several theories have been put forward on the control of limbs. One of them is known as the "equilibrium point hypothesis" (Bizzi et al., 1992 ).
This hypothesis states that a limb is controlled by setting up muscle activations that lead to a certain equilibrium position of the limb. In this way, the nervous system simply has to set up a series of equilibrium positions to generate various movements. This hypothesis is based on a set of experiments with a frog's hind limb (Giszter et al., 1993) . The spinal cord was stimulated and the resulting limb position was recorded. During the stimulation, the limb was pulled away at its endpoint, after which the force needed to pull it away was recorded. In this way, a vector field was found with only one equilibrium point. This finding was used to make the argument that the nervous system actually controls the limb, using these equilibrium points. It should be pointed out, however, that the equilibrium point hypothesis is based on two assumptions: Fig. 1 . Since the movements of the endpoint of the limb follows the arrows of the vector field, with some extra movements due to inertia, it follows that if the limb is not situated in an equilibrium position, it will move there over a non-straight trajectory. Indeed, when such a simulation is performed, the motion is not straight. Figure 2 illustrates this against the background of the potential field, which is calculated from the accumulated spring energy in the muscles. This already forms a challenge for the equilibrium point hypothesis. When the nervous system moves the limb by setting up a new equilibrium point by selecting an appropriate activation level of the limb muscles, the endpoint of the limb moves along a curved path, which is not very practical for planning and executing movements of the endpoint in workspace. This was done by using a multidimensional search for six activation levels over time of the three muscle pairs at the joints. The six levels were interpolated by splines over time to obtain smooth changes in muscle activation. After the search was completed, the endpoint did indeed move over a straight line with very small tolerances. The trajectory was required to have a bell-shaped velocity profile, implying a sigmoid position profile. Figure 3 shows the trajectory and the virtual trajectory that belongs to the movement as well.
As can be seen, the virtual trajectory is very complex in shape and has several turning points, due to the high speed of the movement. The slower the movement, the more the virtual trajectory resembles the real trajectory of the endpoint. 
